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Lawrence Livermore National Security, LLC, and shall not be used for advertising or product 
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4.0 Design Calculations 

 

Gun Component Failure 

 

The following table lists the components of the gun that were evaluated for structural integrity.  

Item Description SF (ULT)  Calculation 

Location 

Breech Pressure from propellant on breech 6.5 App. A 

Breech Plug Pressure from propellant on threads 6.8 App. A 

Breech Bolts Reaction force acting on Breech/Flange bolts 8.5 App. A 

Flange Threads Reaction force acting on Flange/Pump Tube 

connection 

16.2 App. A 

Pump Tube Reaction force acting on Pump Tube thread 5.5 App. A 

Launch Tube Pressure acting on Launch Tube 6 App. A 

Misfire Condition 

for Breech* 

Pressure remains within the breech due to a stuck 

piston and does not vent 

2.25 App. A 

AR Section Stresses induced from extruding the piston during 

firing operations 

Plastically deformed – regular 

inspection, max deformation 

criteria defined 

App. A 

* This has never happened in over 30 years of operation. 

 

The calculations show that catastrophic failure is unlikely. 

 

Fragmentation 

 

The primary containment of fragmentation for personnel safety from catastrophic failure of components 

is more robust in the B191 Gun Bay than in B341.  B341 relied on six inches of concrete and a steel rollup 

door to contain fragments.  The B191 Gun Bay has 0.75 inch reinforced steel blast doors and six inch 

concrete walls with seven inch concrete “Tilt-up” walls.   

 

Fragmentation resulting from firing the gun remains unchanged.  Listed below is the minimum required 

thickness for typical shots.  Operational procedures require that these values be met.  Additional 

shielding is evaluated on a case by case basis for each experiment.   

 

The following table summarizes the protection requirements and the protection provided.  For 

reference, a comparison between B191 and B341 can be seen in this table as well. 

Shielding Description Required 

Protection 

Protection in B191 Protection 

in B341 

Calculation 

Location 

Doors Doors containing fragments from a 

ruptured breech 

0.55” Steel 0.75” Steel Blast Doors Steel rollup 

door 

App. A 

Concrete Spall Walls containing fragments from a 

ruptured breech 

6” concrete 

(Borderline 

spall) 

6” Concrete with 7” 

concrete tilt up walls 

6” concrete App. A 

Projectile Barrier Required min. thickness to stop the 

maximum speed projectile 

2” steel 2” Steel 2” Steel App. C 

Fragment 

Shielding 

Required thickness to keep 

fragments with the TCA/catch tank 

0.54” steel 

 

0.75” Tank Walls 0.75” Tank 

Walls 

App.C 
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Shielding in B191 meets the protection required and is equal to or better than B341.  Therefore, there is 

no threat to personnel.  There is a risk to programmatic equipment if there is a catastrophic component 

failure or if the tank shielding fails. 

 

Hydrogen 

 

Hydrogen is an essential driving gas in maximizing the performance of the gun.  However, with the use 

of this gas species comes a risk of unintended combustion.  In 1977, there was a major incident involving 

this gun in B341.  At the time, there was no nitrogen inerting process following a shot.  The contents, 

including hydrogen, were vented to the atmosphere.  The remains of the shot target had an electrical 

lead that was still energized which initiated the hydrogen/air mixture.  The combustion of the hydrogen 

caused the door to eject off the hinge and impact the building wall.  There was significant damage to the 

facility wall.  However, because all operations were unmanned, there were no personnel injured in the 

incident. 

 

This incident has directly led to the inerting process currently in place today.  After 2 seconds, all power 

is cut off inside of the catch tank, eliminating an ignition source.  Immediately after that, the tank is 

slightly pressurized from a vacuum state with pure nitrogen gas.  This is followed by a nitrogen purge for 

a minimum of 10 minutes.  After this process is complete, the air-fuel mixture inside the tank is no 

longer combustible.  For added safety, the volume of the catch tank is pumped down again to under 2 

psia and then vented to air.   

 

The following table lists the safety parameters associated with safely operating the gun with Hydrogen. 

Hydrogen Safety Description Calculated 

Result 

Mitigation Calculation 

Location 

Minimum Purge 

Time 

Purge time required to lower the hydrogen 

content in TCA to under 4% for venting 

10 min NA App. B 

Hydrogen Energy Energetic output if all of the Hydrogen is 

detonated in the high bay 

4.4 kg TNT B191 Gun Bay 

rated to 10 kg 

TNT 

App. B 

Hydrogen Leaks Potential “off-normal” scenarios involving 

hydrogen leaking into areas with air  

Same or better 

in all instances 

 App. C 

Catch Tank 

Overpressure 

Hydrogen detonating within the catch tank 10 psi 10 psi
1
 App. D 

 

All hydrogen operations are performed remotely and therefore pose no threat to personnel.  There is a 

small risk to equipment if the layers of safety systems fail and the Catch Tank door opens as a relief. 

 

High Explosives 

 

The TCA and catch tank were rated to 50 grams of PBX9404 in B341.   A new TCA was fabricated and will 

maintain the 50 gram rating.  The locations of the port openings are identical to the previous TCA.  

Therefore, the dynamic loading on the TCA walls and ports are identical to the previous TCA.  The 

original TCA was proof tested to further validate the calculations.   

 

Enhanced estimates to the first mode frequency were made using Pro/Mechanica to further refine the 

effective loading parameters.   

                                                           
1
 Closure bolts strip and the pressure is relieved through the catch tank door at this value. 
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The following table lists the calculated stresses using the new first mode frequency of each plate 

compared to stresses measured in original qualification tests.  Note that the calculated stresses are 

conservatively high because they assume a detonation in ambient pressure.  However, all shots on this 

gun will be fired in a vacuum.  The shock wave imparted on the chamber components will be 

significantly less in a vacuum due to the lack of compressible gas.  The measured stress values were 

performed in a vacuum.  Therefore the differences seen in the safety factors are due to this reason.    

 

To ensure that all shots are fired in a vacuum, the control system will not give a permissive to fire unless 

the chamber is less than 150 mTorr.   

HE Loading Description SF (Yield) by 

calcs (in air) 

SF by measured stress 

(in vacuum) 

Shell Cylindrical shell of the TCA 18 5.4 

Endplate Endplate on the TCA 3.27 7 

Big Door Large 25” x 19” Door on a hinge 3.3 2.8 

Small Side Port Smaller access ports for diagnostics 4.15 4.5 

Diagnostics Port Larger access ports for diagnostics 6.1 NA 

X-ray X-ray window ports 1.29 190 

Large Access Port Door to access the target 1.9 13.3 

 

All high explosive firing operations in HEAF are done remotely and therefore pose no risk to personnel. 

 

 

Pressure 

 

There are two systems that incorporate the use of high pressure systems: the hydrogen purge system, 

and the Pump Tube Gas Selection system.  The hydrogen purge system uses a nitrogen skid to supply a 

constant flow of nitrogen to the catch tank and its auxiliary systems.  Standard “K” type bottles of 

nitrogen gas flood the catch tank volume immediately after a hydrogen shot.  All components in this 

system are commercial and have commercial ratings above the MAWP of the system.   

 

There are three pressure “regions” in the Pump Tube Gas Selection system.  The first region includes the 

gas selection panel.  These components are connected to the Nitrogen Skid and standard “K” type 

bottles and have a MAWP of 2400 psig.  The second region is the hardware connected after the 

regulator on the selection panel and have a MAWP of 400 psig.  The third region includes the V31 Seal 

Valve and the Pump Tube Flexible Hose.  These two components can be subjected to pressures of up to 

15,000 psig due to standard gun firing operations. 
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Nitrogen Inerting System Components 

 

Pressure Safety 

Component 

Model Number Description MAWP (PSI) Commercial Rating 

(PSI) 

Nitrogen Skid  Nitrogen source for Nitrogen 

Purge System 

2400 2400 

S.S. Pressure Lines  Stainless steel lines for 

components 

2200 3000 

R1, R2, R3 Victor VTS-450E Regulators to the Nitrogen 

Purge, Foreline Fill, and Scrubber 

Purge lines 

2200 3000 

V4, V5, V11 Swagelok  

SS-63EF8-33C-L2 

Valves for Nitrogen Fast Fill and 

Emergency Fast Fill 

2200 3000 

Flowmeter Teledyne Hastings  

HFM-I45 

Nitrogen flow meters for slow 

purge lines 

200 1500 

Flowmeter Teledyne Hastings  

HFM-I45 

Nitrogen flow meters for 

scrubber purge line 

15 1500 

V6, V7 Swagelok 

6LVV-DPHFR4-P1-CM2 

Foreline and Scrubber Line 

supply valves 

5 3000 

V3, V8, V1, V2 Vacuum Research Gate valves for the scrubber and 

vacuum pump 

5 17.6 

V251* MKS Bypass valve for high vacuum 

and vacuum side 

10 Unknown (Vacuum 

Component 

V17* MDC Manual vent valve 10 Unknown (Vacuum 

Component) 

V13* Swagelok 

6LVV-DPHPFR4-P1-CM2 

Catch Tank vacuum gauge 

isolation valve 

10 3000 

Catch Tank 

pressure 

transducer* 

Dynisco 

PT270DN-150 

Transducer measuring the Catch 

Tank pressure 

10 250 

V253, V254* Swagelok 

6LVV-DPHPFR4-P1-CM2 

High Vacuum Isolation Valves 10 3000 

V250, V252, V9, 

V12* 

Vacuum Research Gate valves for the high vacuum 10 17.6 

 

*These components are vacuum components that could be exposed to pressure if one of the regulators 

(R1, R2, R3) and a pressure valve (V4, V6, V7) were to fail.  There is no risk to personnel because the area 

is vacated during operations involving pressure.  There is only risk to programmatic equipment. 
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Pump Tube Gas Transfer System 

Pressure Safety 

Component 

Model Number Description MAWP (PSI) Commercial Rating 

(PSI) 

V31 Autoclave  

20SM9071-CH 

Sealing valve for the pump tube 15,000 20,000 

Pump Tube Supply 

Flex Hose 

Spir-Star Hose  

ASSY-6/4, SST 3/8 ends 

Flexible hose from the V31 to the 

pump tube 

15,000 21,000 

V29, V30, V32 Autoclave  

20SM9071-CH 

Valves for the gas fill line, vent 

line, and vacuum line 

400 20,000 

Fill Line pressure 

transducer 

Dynisco 

12-31-09307102 

Transducers measuring the 

pump tube fill pressures 

400 2500 

Fill Line Flex Hose Gates 10TH18NC Fill line flex hose for driving gas 400 3000 

Vacuum Line Flex 

Hose  

Gates 10TH18NC Vacuum Line hose 8 3000 

Vent Line Flex Hose  Gates 10TH18NC Vent Line hose 150 3000 

V36, V37, V38, V39, 

V40 

Swagelok  

SS-6UG-6C-M2 

Hydrogen-rated Gas Selection 

Valves 

2200 2500 

V34, V35 Dragon 10M057 Manual Gas Selection Valves 2200 6000 

Gas Selection Check 

Valves 

Circle Seal 

 

Check valves on Gas Selection 

Panel 

2200 5000 

R12 Atheson  

Model 3066 

Regulator for Nitrogen supplied 

by outside skid 

2200 6000 

R10 Parker 

P/N 41600836 

Model HPR800B5P10404 

Gas supply regulator 400 4000 

V33 Circle Seal A9559T_2PP Manual Vacuum Vent Valve 8 2000 

 

All components are commercial and rated above the system MAWP.   

 

Seismic 

 

The components of the gun have been seismically anchored.  The hardware attached to the facility 

infrastructure is documented in the Project Management Engineering and Construction (PMEC) 

document EDD-STR-2009-0191-003 (Ref. 2).  This includes hardware such as the Target Chamber 

Assembly, Catch Tank, and the I-beams that the gun barrels rest on.   

 

Seismic calculations included in Appendix F cover the gun barrels and the barrel mounts.   

 

All components exceed the ME DSS guidance for seismic anchoring. 
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Appendix A.2

Per END76-908

Ultimate Strength AISI 4340: Sult 150ksi:=

Max Breech Pressure: Pbreech_pressure 15ksi:=

(1) Breech Cylinder: (Using Thick-Walled Cylinder Equation)

ro_breech 7.12in:=

ri_breech 3.25in:=

σbreech_long

π ri_breech
2

Pbreech_pressure⋅

π ro_breech
2

ri_breech
2−



⋅

3.948 10
3× psi=:=

σbreech_hoop Pbreech_pressure

ro_breech
2

ri_breech
2+





ro_breech
2

ri_breech
2−

⋅ 22.896 ksi⋅=:=
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σvm_breech σbreech_long
2

σbreech_long σbreech_hoop⋅− σbreech_hoop
2+:=

σvm_breech 21.2 ksi⋅=

SFbreech

Sult

σvm_breech
7.1=:=

(2) Pump Tube: (Using Thick-Walled Cylinder Equation)

ro_pt 3.25in:=

ri_pt 1.75in:=

σpt_hoop Pbreech_pressure

ro_pt
2

ri_pt
2+





ro_pt
2

ri_pt
2−

⋅ 27.25 ksi⋅=:=

σpt_long

π ri_pt
2

Pbreech_pressure⋅

π ro_pt
2

ri_pt
2−



⋅

6.125 10
3× psi=:=

σvm_pt σpt_long
2

σpt_long σpt_hoop⋅− σpt_hoop
2+:=

σvm_pt 24.8 ksi⋅=

SFpt

Sult

σvm_pt
6.1=:=
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(3) Launch Tube (Thinnest walled):

ro_LT 2.5in:=

ri_LT 1.25in:=

σLT_hoop 15ksi
ro_LT

2
ri_LT

2+





ro_LT
2

ri_LT
2−

⋅ 25 ksi⋅=:=

σLT_long

π ri_LT
2

Pbreech_pressure⋅

π ro_LT
2

ri_LT
2−



⋅

5 10
3× psi=:=

σvm_LT σLT_long
2

σLT_long σLT_hoop⋅− σLT_hoop
2+:=

σvm_LT 22.9 ksi⋅=

SFLT

Sult

σvm_LT
6.5=:=
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Appendix B.  Hydrogen Flammability/Inerting 

 

B.1 Introduction 

 

The following calculations replace the pertinent calculations expressed in END80-912 and END80-912 

Addendum A.  Changes to the calculations in END80-912 and END80-912 Addendum A were due to the 

increased volume of the new Target Chamber Assembly (AAA08-505250-OB) and the relocation of the 

gas gun into a larger high bay .  Background on the inerting process and system hardware can be found 

in the historical safety notes. 
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Appendix B.2 Revised Calculations 

Gas Gun Data

1. TCA volume: Vtca 77212in
3≡

2. Transition volume: Vtrans 5252in
3≡

3.  Catch Tank Volume: Vcatch 251673in
3≡

4.  Tank Total Volume: Vtank Vtrans Vcatch+ Vtca+ 193.366 ft
3⋅=≡

5.  Launch tube Volume: Vlaunch 2.54ft
3≡

6.  Pump tube Volume: Vpump 2.54ft
3≡

7.  Total Contained Volume: Vcontained Vtank Vlaunch+ 195.906 ft
3⋅=≡

8.  Initial H2 fill (350 psi fill pressure): Ph2_init 350psi≡

9.  Catch tank vacuum before shot (gas species air): Ppre_shot .020torr≡

10.  Ideal Gas Law: Pstp 1atm:=

Tstp 293K:=

R 0.082
l atm⋅
mol K⋅

:=

The pressure in the catch tank after the shot will be:

Ppost_shot

Ph2_init Vpump⋅

Vcontained
4.538 psi=:=

Volumetric calculation of hydrogen, in catch tank, at STP:

Vh2_stp Vpump

Ph2_init

1atm
⋅ 60.493 ft

3⋅=≡
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The number of moles of H2:

nh2 Pstp

Vh2_stp

R Tstp⋅
⋅ 71.296 mol=:=

mmh2 2.016
gm

mol
:=

mh2 mmh2 nh2⋅ 143.734 gm⋅=:=

Required Volume of nitrogen needed to bring catch tank to 15.7 psia:

P15.7 15.7psi:=

nn2 1mol:= (Guess)

Given

P15.7 Vcontained⋅ nh2 nn2+( ) R⋅ Tstp⋅=

nn2 Find nn2( ) 175.372 mol=:=

Vn2_stp

nn2 R⋅ Tstp⋅

Pstp
148.798 ft

3⋅=:= N2 at STP

Calculation of the minimum purge time required:

t
Vh2

d

d

Vh2

Vcatchtank







 t

Vn2
d

d









−=

Can be integrated to:

Vn2 Vcontained− ln Vh2( )⋅ C+= (See END 80-912 Addendum A for derivation)

Following the fast-fill process, the scrubber system is turned on.  The pressure in the tank drops
back down to atmospheric pressure.

Vh2_purge Vh2_stp
14.7psi

15.7psi
⋅ 56.64 ft

3⋅=:=

The slow-fill process in initiated immediately after.

Initial Condition (New nitrogen into the tank): Vn2 0( ) 0=
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Therefore, the integration constant can be found:

C Vcontained ln
Vh2_purge

ft
3









⋅ 790.817 ft
3⋅=:=

To inert the tank, the hydrogen level must be brought to below 4% by volume (per
LLNL ES&H Manual Section 18.4) .

Vh2_inert 4% Vcontained⋅ 7.836 ft
3⋅=:=

The amount of nitrogen required to flow into the catch tank is found to be:

Vn2_inert Vcontained− ln
Vh2_inert

ft
3

















⋅ C+ 387.493 ft
3⋅=:=

The slow-fill process introduces nitrogen at a rate of:
FRn2 40

ft
3

min
:=

Therefore the time required:

tpurge

Vn2_inert

FRn2
9.687 min⋅=:=

FR
FRn2

ft
3

min

:=
t 0 .5, 10..:=

N t( ) t .15 sin .4 π⋅ t( )⋅+( ) FR⋅:=

Vh2_dyn t( ) exp

C

ft
3

N t( )−

Vcontained

ft
3















:=

PercentH t( )
Vh2_dyn t( ) 100⋅

Vcontained

ft
3

:=
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t

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

6.5

...

= Vh2_dyn t( )

56.64

50.23

44.854

40.501

36.979

33.997

31.255

28.537

25.768

23.01

20.406

18.097

16.16

14.591

...

= PercentH t( )

28.912

25.64

22.895

20.673

18.876

17.354

15.954

14.567

13.153

11.745

10.416

9.237

8.249

7.448

...

= N t( )

0

23.527

45.706

65.706

83.527

100

116.473

134.294

154.294

176.473

200

223.527
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To ensure that the chamber has been inerted with sufficient nitrogen, the total purge time will be set
for 10 minutes or greater.
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Vo2_residual

Ppre_shot

760torr
Vcontained⋅ 21⋅ % 1.083 10

3−× ft
3⋅=:=

Conservatively assuming that there was no mixing of the nitrogen and the hydrogen, and that the
hydrogen content was unaffected by the nitrogen purge operation, then the hydrogen concentration
in the tube would be

H2_concentration

Vh2_stp

Vcontained
30.878 %⋅=:=

In order to obtain complete inerting (reduce the hydrogen concentration to below 4% - see diagram
in App."B" from U.S. Bureau of mines bulletin #503) the additional dilution can be obtained by
re-evactuating the catch tank.  This would require pumping the catch tank down to:

H2_limit 4%:=

Ppumpdown 1psi:= (Guess)

Given

H2_limit

H2_concentration

Ppumpdown

1atm
=

Ppumpdown Find Ppumpdown( ) 1.904 psi=:=

Therefore the catch tank will be pumped to below 1.9 psia.

Residual O2 in Catcher before shot

Prior to the shot, the catch tank vacuum is 20 micron

of O2

For flammibility, 5% O2 is required

Vo2_limit 5% Vcontained⋅ 9.795 ft
3⋅=:=

The contribution of the residual O2 to the flammable limit is:

Vo2_residual

Vo2_limit
0.011 %⋅= This is neglible.
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Energy content of maximum amount of hydrogen used

mh2 143.734 gm⋅=

Eh2 34.15 10
3⋅

kcal

gm
mh2⋅ 4.908 10

6× kcal⋅=:=

TNTequiv Eh2 3.085⋅
ft lb⋅
kcal

1lb

1550000ft lb⋅
⋅ 9.769 lb=:=

TNTequiv 4.431 10
3× gm⋅=
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Appendix D.  Catch Tank Closure Bolts 
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Appendix E.  Pressure and Purge System 

 

Appendix E.1 Introduction 

 

The Two-Stage Light Gas Gun includes systems that require the use of high pressure.  The Pump Tube 

Pressurization System allows the user to select the driving gas for the gun.  This system contains 

capabilities to evacuate the contents of the Pump Tube with a mechanical vacuum pump, fill the Pump 

Tube with the selected driving gas (N2, He, H2), and safely vent the Pump Tube.  Two components in this 

system are also responsible for containing the pressure buildup in the Pump Tube during firing 

operations.  These include the high pressure flex hose (rated to 21 ksi) and the spring loaded Autoclave 

fill valve (rated to 20 ksi). 

 

The Nitrogen Purge System is used to safely inert the Target Chamber Assembly and Catch Tank volume 

from the threat of hydrogen detonation following a shot.  The system contains capabilities to dump a 

large content of nitrogen into the volume, then flow nitrogen through the volume, and then draw 

vacuum on the volume to ensure that a safe air-fuel mixture is always maintained.  For more details of 

the systems, see MESN04-519-AA, contained in section E.8 of this appendix. 

 

With the move of the gun from B341 to B191, the theory of operation remains unchanged.  However, 

the control system was upgraded and therefore, many of the components were also upgraded.  All of 

the components in both of these systems are comprised entirely of commercial parts.  The following lists 

some broad changes.  Included in this appendix are updated P&IDs of the two systems, and a list of all 

the components and their commercial pressure ratings.   

 

Changes include: 

- Replacement of all electrically actuated valves with pneumatically actuated solenoids. 

- All new valves have position indicators in both the open and the closed position 

- Replacement of visual flow meters with digital flow meters 

- Constant monitoring of the house air system to insure that the pneumatic devices will work 

 

Appendix E.2 Hazard 

 

See MESN04-519-AA for the hazards. 

 

 

Appendix E.3 Calculations 

 

The system will be used in the same manner as before.  See MESN04-519-AA for the calculations.  The 

stored energy is within the HEAF Gun-Bay energetic limits of 500 grams of TNT equivalence. 
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Nitrogen Purge System  

Pressure Safety 

Component 

Model Number Description MAWP (PSI) Commercial Rating 

(PSI) 

Nitrogen Skid  Nitrogen source for Nitrogen 

Purge System 

2400 2400 

S.S. Pressure Lines  Stainless steel lines for 

components 

2200 3000 

R1, R2, R3 Victor VTS-450E Regulators to the Nitrogen 

Purge, Foreline Fill, and Scrubber 

Purge lines 

2200 3000 

V4, V5, V11 Swagelok  

SS-63EF8-33C-L2 

Valves for Nitrogen Fast Fill and 

Emergency Fast Fill 

2200 3000 

Flowmeter Teledyne Hastings  

HFM-I45 

Nitrogen flow meters for slow 

purge lines 

150 1500 

Flowmeter Teledyne Hastings  

HFM-I45 

Nitrogen flow meters for 

scrubber purge line 

15 1500 

V6, V7 Swagelok 

6LVV-DPHFR4-P1-CM2 

Foreline and Scrubber Line 

supply valves 

5 3000 

V3, V8, V1, V2 Vacuum Research Gate valves for the scrubber and 

vacuum pump 

5 17.6 

V251* MKS Bypass valve for high vacuum 

and vacuum side 

10 Unknown (Vacuum 

Component 

V17* MDC Manual vent valve 10 Unknown (Vacuum 

Component) 

V13* Swagelok 

6LVV-DPHPFR4-P1-CM2 

Catch Tank vacuum gauge 

isolation valve 

10 3000 

Catch Tank 

pressure 

transducer* 

Dynisco 

PT270DN-150 

Transducer measuring the Catch 

Tank pressure 

10 250 

V253, V254* Swagelok 

6LVV-DPHPFR4-P1-CM2 

High Vacuum Isolation Valves 10 3000 

V250, V252, V9, 

V12* 

Vacuum Research Gate valves for the high vacuum 10 17.6 

Vacuum Gauges* Granville Phillips 275G Vacuum Gauges 10 8 

Filter Housing* MSA Vacuum Filter 10 Unknown (Vacuum 

Component) 

 

*These components are vacuum components that could be exposed to pressure if one of the regulators 

(R1, R2, R3) and a pressure valve (V4, V6, V7) were to fail.  There is no risk to personnel because the area 

is mustered during operations involving pressure.  There is only a risk to programmatic equipment. 
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Pump Tube Pressurization System 

Pressure Safety 

Component 

Model Number Description MAWP (PSI) Commercial Rating 

(PSI) 

V31 Autoclave  

20SM9071-CH 

Sealing valve for the pump tube 15,000 20,000 

Pump Tube Supply 

Flex Hose 

Spir-Star Hose  

ASSY-6/4, SST 3/8 ends 

Flexible hose from the V31 to the 

pump tube 

15,000 21,000 

V29, V30, V32 Autoclave  

20SM9071-CH 

Valves for the gas fill line, vent 

line, and vacuum line 

400 20,000 

Fill Line pressure 

transducer 

Dynisco 

12-31-09307102 

Transducers measuring the 

pump tube fill pressures 

400 2500 

Fill Line Flex Hose Gates 10
TH

18NC Fill line flex hose for driving gas 400 3000 

Vacuum Line Flex 

Hose  

Gates 10
TH

18NC Vacuum Line hose 8 3000 

Vent Line Flex Hose  Gates 10
TH

18NC Vent Line hose 150 3000 

V36, V37, V38, V39, 

V40 

Swagelok  

SS-6UG-6C-M2 

Hydrogen-rated Gas Selection 

Valves 

2200 2500 

V34, V35 Dragon 10M057 Manual Gas Selection Valves 2200 6000 

Gas Selection Check 

Valves 

Circle Seal 

 

Check valves on Gas Selection 

Panel 

2200 5000 

V41 Autoclave SS-6NB68 Nitrogen Skid Supply Valve 2400 6000 

V42 Swagelok SS-14DKS4 Supply line relief valve 2400 3000 

R12 Atheson  

Model 3066 

Regulator for Nitrogen supplied 

by outside skid 

2200 6000 

R10 Parker 

P/N 41600836 

Model HPR800B5P10404 

Gas supply regulator 400 4000 

V33 Circle Seal A9559T_2PP Manual Vacuum Vent Valve 8 2000 

 

 

Appendix E.4 Re-test/Re-inspection 

 

See MESN04-519-AA. 

 

Appendix E.5 Labeling 

 

See MESN04-519-AA. 
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Appendix E.6 Associated Documents 

 

HEAF 08-026 Rev. 0 HEAF Two-Stage Gun Record of Operational Procedures 

HEAF 08-027 Rev 0 Pre-Shot Data Sheet and Gun Firing Sequence Checklist 

HEAF 08-029 Rev 0 Minor Maintenance (10 Shot) Checklist 

HEAF 08-030 Rev 0 Intermediate Maintenance (30 Shot) Checklist 

HEAF 08-031 Rev 0 Major Maintenance (60 Shot) Checklist 

 

Appendix E.7 References 

 

See MESN04-519-AA. 

 

 

Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

261 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AAB191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

262 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AAB191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

263 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

264 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

265 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

266 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

267 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

268 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

269 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

270 of 277



Lawrence Livermore National Laboratory 
Engineering Safety Note 
MESN10-500065-AA B191 Large Two Stage Light Gas Gun

Paul Chiao 
Oct. 2010

271 of 277


